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  1. Introduction 
    The magnitude of art earthquake was 
originally defined by C. F. RICHTER (1935), 
for shallow shocks in Southern California, as 
the logarithm of the maximum trace amplitude 
expressed in microns, with which the standard 
short-period  seismometer would register that 
earthquake at an epicentral distance of 100 km. 
B. GUTENBERG and C. F. RICHTER (1936, 
1942) extended the scale to apply to shallow 
earthquakes occurring elsewhere and recorded 
on other types of seismographs. B. GUTEN-
BERG  (1945 a, b, c) discussed  further the phys-
ical meaning of the scale and introduced the 
definition of the magnitude of deep earthquake; 
a deep earthquake is taken to have the same 
magnitude as a shallow earthquake releasing 
the same energy in elastic waves. 13. GUTEN-
BERG and C. F. RICHTER (1949) assumed for 
radiated energy E from the focus of the 
earthquake, the partly empirical equation 
 log E=  12  -1-  1.8  M 
where M is the magnitude, and gave, in their 
memorable work "Seismicity of the  Earth," the 
values of M for numerous earthquakes occur-
red in the world during about 43 years since 
1904.  
. H. KAWASUMI (1933, 1934) discussed the 
energies of some deep earthquakes basing on 
the investigations of the mechanisms of these 
earthquakes.  IC SAGISAKA  (1340) estimated
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the energies of the earthquakes occurred in 
Japan during 10 years (1926 - 1935), using 
mainly the seismic intensities observed at the 
seismological stations. H. KAWASUMI (1943) 
took the seismic intensity at an epicentral 
distance of 100 km as the magnitude of the 
earthquake. 
    The quantitative investigation of the  seis-
mic waves observed near the epicenter, and 
the minute study of the mechanisms of deep 
earthquakes have been developed in this 
country, and certain constants characteristic for 
the amplitudes of P and S emitted from the 
hypocenter have been obtained for several deep 
earthquakes. In the present paper, the author 
intends to  correlate these constants with the 
magnitudes and the energies of the  earth-
quakes given by B. GUTENBERG and C. F. 
RICHTER  (1949). 
 2. Theoretical Consideration 
    In the quantitative investigations of the 
amplitudes of the seismic waves of deep earth-
quakes, it has been assumed that the radial 
force  F  sin 2 0 cos  (0•e° acts on the surface 
of a small sphere constructed around the 
hypocenter, where r, 0,  49 denote the spherical 
coordinates and p  27r/ T, T  betng the period. 
The  longitudinal and the transverse waves 
which are propagated outward are considered 
to correspond to P and S respectively. When 
the corrections due to the variation of the
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velocity of the seismic waves with the depth                                           0  
                                                           h_– from the arth'ssurface
, and the reflection of where1  2+2  /1 
the seismic waves at the earth's surface are 
taken into account, the observed seismic  mo-                        k p 
tion at the earth's surface can be generally
explained by above assumption. (e. g. H. 
HONDA and H.  ITt.3, 1951). 
    The boundary conditions to be satisfied 
on the surface of a small sphere r  – a, are 
 em 
 rr  + F sin 2 0 cos  cc • e4" --- 0,  r0  = 0, 
 r  =  0.   (1) 
   The components of the displacements  ur,  up 
and  tit, in the directions r, 0 and  (a, at large 
distance from the origin, can be expressed as 
follows, after H. HONDA and T.  MIURA (1938);
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    If the radius of the sphere is large, 
neglecting the higher orders of 1/r, we get 
    3273  f3 T,                     A 21    e—
157'2I.Vptip-r2f. (7) 
    When the duration or the time-interval 
of the application of the radial force is finite 
and is denoted by  7, the total energy E passing 
through the spherical surface during the inter-
val may be supposed to be approximately 
expressed by 
 E=  ('•   (8)
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p; density, 2,  ke; LAME's constants,  Vp; velocity 
of P,  V; velocity of S. 
   Ati  
  Ap= h)         kR=5.20 R, (for  A—  p).    (4) 
    R  1. in the limiting case when  ha-
27a/ = 0  (lp; wave length of P), and is less 
than 1 when ha is finite. The values of R for 
ha are given in the table 3. 
 ur corresponds to P, and  U0 and  uv to-
gether correspond to S of deep earthquake. 
 Ap and A3 are the characteristic constants 
which represent he amplitudes of P and S of 
the earthquake respectively. 
    The rate of the energy propagated across 
any spherical surface constructed around the 
sphere r  = a, can be expressed as follows, 
.  . 
 0+uw  Iv) 2 in  0  d0,   (5)
(6)
 E8 
the
 The energy  EE propagated by 
propagated by S, and the ratio 
 total energy E are respectively,
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    K.  SAGISAKA (1940) obtained a formula 
similar as (7), but he supposed simply to be 
    R 1 i. e.  A,/  — 5.20. 
 3., Ap and  As  , Magnitude and Energy of 
    Peep Earthquake  
• There are 11 deep earthquakes whose  AP 
                                         Table
and  As have been evaluated by several seis-
mologists, and 5 deep earthquakes whose  Ap 
only have been evaluated. They are given in 
the table 1, and the epicenters of these earth-
quakes are shown in the figure 1. As the 
methods of calculation had been developed 
during the course of the investigation, some 
of the original values of  Ap and  As were 
revised somewhat by H. HONDA and T. MIURA 
(1938). It is to be noted here that  Ap and  As 
are estimated basing on the quantitative study 
of the initial motions of P and S respectively. 
 1.
Earth-
quake 
  No.
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16
Time of Occurrence 
    (G.M.T)
Epicenter 
E N
Depth 
 of 
 Focus
 Ap  A,;  M
1929 
1931 
1931 
1932 
1932 
1932 
1933 
1935 
1935 
1937 
1939 
1932 
1932 
1933 
1936 
1936
June 
Feb. 
June 
Apr. 
 N  ay 
July 
Dec. 
Apr. 
May 
Apr. 
Apr. 
Nov. 
Dec. 
 Sept. 
Oct. 
 Dec.
 d 
2 
20 
29 
28 
5 
25 
4 
15 
31 
29 
21 
13 
5 
20 
26 
1
 h 
21 
5 
16 
3 
4 
8 
19 
11 
8 
20 
4 
4 
0 
3 
9 
6
m 
39 
34 
43 
43 
11 
25 
34 
15 
19 
19 
29 
47 
20 
57 
34 
10
137.2 
135.7 
136.5 
 136.5 
135.4 
135.9 
144.3 
137.3 
134.0 
137.3 
140.2 
137.3 
137.0 
136.6 
136.3 
129.0
34.3 
44.5 
34.2 
34.0 
34.6 
35.2 
46.4 
36.2 
38.7 
45.8 
47.6 
43.6 
 33.7 
34.1 
34.5 
30.7
320 
320 
360 
320 
360 
360 
350 
270 
460 
400 
530 
320 
350 
330 
340 
270
km  105cm2.105cm2
 4.9 
18. 
 1.5 
0.23 
0.43 
 2.8 
7.8 
 1.9 
1.2 
2.3 
 5. 
19. 
 0.4 
0.2 
0.42 
2.6
14.1 
 14-
3.7 
0.93 
1.57 
5.1 
5.3 
 4.5 
4.9 
4.2 
 15_
7.1 
 7.4 
6 1/2 
5 3/4 
6 1/2 
6 3/4 
6 3/4 
6 1/4 
6 1/2 
6 1/4 
7.0 
7.0 
5 3/4 
5 1/2 
6 1/4 
6 1/2
 *Earthquake No. 
   (1), (4) 
   (2) 
   (3) 
   (5) 
   (6) 
   (7) 
   (8) 
   (9) 
   (10) 
   (11) 
   (12) 
   (13), (14) 
   (15) 
   (16)
G.
               Original paper 
 H.  HONDA  ; G. M. 8 (1934) 161-163. 
 H.  IT(')  ; K. Z. 11 (1940) 266-270. 
 M.  MORITA  ;  K. Z. 9 (1936) 231-251. 
 H.  HONDA  ; G. if. 8 (1935)  327-332.. 
 M.  TA  KEITANA  ; K Z. 9 (1937) 253-264. 
 M.  KrzimA  ; K. Z. 9 (1937)  171-199. 
 K.  SAGISAKA  ; K.  Z. 11  (3940) 217-228. 
 M.  TAKEHANA  ; K. Z. 9 (1937) 253-264. 
 H.  1.1-1; K Z. 11 (1940) 28-40.
 H. HONDA and H.  IT6 ; K. Z. 11 (1940) 1-27. 
 H.  HONDA  ; G. M. 8 (1934) 165-177. 
 H. HONDA and H.  1T6  ; K  Z. 10 (1938)  212-227. 
 T.  KADOWAKI  , S.  TAKAHASHI and H.  WADA  ;  KZ. 10 
 H.  HoNnA and Y.  HASAYA  ;  G.  M. 13 (1940) 219-230. 
 M.  (Geophysical  Magavne), K. Z.  (Kerishin-ZiM).
(1938) 78-85.
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    The magnitude M of these earthquakes 
after B. GUTENBERG and C. F. RICHTER 
(1949) are given in the last column of the 
table  1.
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 Figure 1.
 M is proportional to log  Ap, as is shown 
in the figure 2, and their relation can be expre-
ssed by the formula 
    M 0.74 log  A, + 2.61.   (12)
 8
7
 H
 S    4  S-  6 
 43.  ce.„ 
                   Figure 3. 
                log  A3 and M.
 log  A3 is also proportional to M (figure 3). 
    As the magnitude of the earthquake was 
originally defined as the  logarithm of the 
amplitude of the seismic waves, it is especially 
interesting that there holds a linear relation 
between M and log  Ap, which have been 
obtained quite independently each other. 
                  Table 2.
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   Figure 2. 
 log  Av and  M,
7
 Earth-
quake 
 No.
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11
 
1   As       0.866(A8)2 T Al2)+0-866A 
5.20 APAP T2  (G
.  &  R.)
0.55 
0.15 
0.47 
0.78 
0.70 
0.35 
0.13 
0.46 
0.78 
0.35 
0.58
 7.2 
0.53 
 5.3 
14.1 
11.5 
2.9 
0.40 
4.9 
14.4 
2.9 
7.8
  sec 
4.3 
4.7 
 3.3 
1.6 
1.9 
3.9 
4.6 
3.5 
3.1 
3.7 
4.3
 1010crni 
10.6 
22.4 
  1.3 
 0.3 
 0.6 
 2.0 
 4.0 
 1.7 
 2.3 
  1.5 
11.9
 1023erg. 
60. 
210. 
  5.0 
 0-2 
 5.0 
 14. 
 14. 
  1.8 
 5.0 
 1.8 
40.
    Let us assume that the amplitudes of P 
and S themselves are respectively proportional
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            Figure 4.  RdEp andAp. 
to  Ap and A8, which are relevant to the 
amplitudes of the initial motions of these 
waves, and that the periods of P and S near 
the epicenter, are approximately equal each 
other.  Then, the ratio of the energy of P to 
that of  S,  i. e.  E/  Ep 0.866  (As/  Ap)2 is very 
large, amounting to about 15, when  Ap or M 
is small, and it diminishes remarkably with 
increasing  Ap or M (the table 2, the figures 4 
 and  5).
 1,5 
 10 
 .s./ 
  S 
   0
the mechanism of the earthquake 
is small, and it diminishes remark-
ably when  a/lp becomes about 0.4 
or larger. 
            Table 3.
ha  a/1p  _R  23.4B2
 • 
 • 
 •N
 20
0. 
0.5 
1. 
1.5 
2. 
2.25 
2.50 
2.75 
3 
4 
5 
6 
7
0.00 
0.08 
0.16 
0.24 
0.32 
0.36 
0.40 
0.44 
0.48 
0.64 
0.80 
0.95 
1.11
1.00 
0.97 
0.91 
0.96 
 0.98 
0.71 
0.49 
0.37 
0.27 
0.15 
0.11 
 0.08 
0.07
23.4 
22.0 
19.4 
21.6 
22.5 
11.8 
 5.6 
 3.2 
 1.7 
0.5 
 0.3 
 0.1 
 0.1
 u  • 6 7 
 M 
           Figure 5.  Ed  Ep and  M. 
    The  theoretical relation between the ratio 
 Ee/Ep =  23.4 R2 and  a/lp is shown in the 
table 3 and the figure 6. Theoretically,  EVE), 
 is' expected to be about 20 or even more when 
the radius of the model sphere representing
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  Figure 7. 
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    When the variation of p and  Vp with the 
depth from the earth's surface is neglected, 
and the duration of oscillation r is taken out 
of account, being very difficult to be given 
properly, the total energy E propagated out-
ward by the seismic waves may be considered 
to be roughly proportional to 
 T2 {Ap2 +  0.866  A,2}. 
    The period of the waves is further as-
sumed to be proportional to that of the initial 
motion of  P, and now to be estimated from 
the curve showing the relation between the 
period of the initial motion and  Ap, as obtained 
by H. HONDA and H.  ITO (1939). 
    The energies calculated after  .the formula 
log E  — 12  + 1.8 M, proposed by B. GUTEN-
BERG and C. F.  RICHTER (1949), are propor-
tional to  1/T2  •  (Ap2  ± 0.866 A,2) as are shown 
in the figure (7), except the earthquake No. 2, 
whose E is very large compared with those of 
the other earthquakes and varies remarkably
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 with slight difference in M, and is not entered 
 in the figure. 
  4. Summary • 
     The main results of the present investiga-
 tion are summarized as  follows  : 
 i. The constants  Ap and  A8 characteristic for 
 the amplitudes of P and S of deep earthquakes, 
 whose mechanisms have been investigated 
 mindtely, are collected. 
ii. log  Ap and log  A8 are proportional to the 
magnitude M given by B. GUTENBERG and C. 
F. RICHTER. 
iii. The ratio of the energy of S to that of P 
is very large, about 15 or more, for the deep 
earthquake of small magnitude, and the ratio 
is very small, less than 1, for the deep earth-
quake of large magnitude. This relation can be 
explained theoretically. 
iv. The energies of deep earthquakes  estimat-
ed by B. GUTENBERG and C. F. RICHTER are 
proportional to those expected from the values 
of  Ap and  As. 
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